In our natural environment, the brain needs to combine signals from multiple sensory 27 modalities into a coherent percept. While spatial attention guides perceptual decisions by 28 prioritizing processing of signals that are task-relevant, expectations encode the event 29 probability over space. Previous studies have shown that behavioral effects of spatial 30 attention generalize across sensory modalities. However, because they manipulated spatial 31 attention as signal probability over space, these studies could not dissociate attention and 32 expectation.
fixation cross was presented in the center of the screen. 166 Prior to the beginning of the study, participants were tested for their ability to discriminate 167 left and right auditory stimuli on a brief series of 20 trials. They indicated their spatial 168 discrimination response (i.e., 'left' vs 'right') via a two-choice key press (group mean 169 accuracy was 99% ± 0.4% [across subjects mean ± SEM]). Spatial attention was manipulated for the primary modality as task-relevance, i.e., the 197 requirement to respond to an auditory (experiment 1) or a visual (experiment 2) target in the 198 9 left vs right hemifield. Prior to each run a cue (duration: 2000 ms) informed the observer 199 whether to respond to targets in either their left or right hemifield.
200
Spatial expectation was manipulated as spatial signal probability for signals in the primary 201 modality across experimental sessions that were performed on different days. Auditory (i.e., 202 primary modality in experiment 1) or visual (i.e., primary modality in experiment 2) signals 203 were presented with a ratio of 2.33/1 (i.e., 70%/30%) in the expected/unexpected hemifield.
204
Observers were not informed about those probabilities but learned them implicitly.
205
Importantly, spatial attention and expectation were not directly manipulated in the secondary 206 modality, allowing us to assess their cross-sensory generalization. As a result, participants 207 needed to respond to all visual targets that were presented with equal probabilities in their 208 spatial hemifields in experiment 1 (i.e., ratio 1/1 in the expected/unexpected hemifields) (Fig. 209 1A and 1C). Likewise, they had to respond to all auditory targets that were presented with 210 equal probabilities in experiment 2.
211
Each experiment included two sessions (i.e., spatial expectation left vs right on different 212 days). Hence, subjects participated in the two experiments on four days: 2 sessions for 213 experiment 1 and 2 sessions for experiment 2 = 4 sessions in total for each participant. Each 214 session included 12 attention runs. Runs were of two types: in run type A (Fig. 1A, 1C and 215 1D) spatial attention and expectation were congruent (i.e., spatial attention was directed to the 216 hemifield with higher stimulus frequency); in run type B spatial attention and expectation 217 were incongruent (i.e., spatial attention was directed to the hemifield with less frequent 218 stimuli). The overall probability to respond (i.e., response probability) was greater when 219 attention and expectation were congruent and directed to the same hemifield (85%, runs of 220 type A) than when they were directed to different hemifields (65%, runs of type B) ( Fig. 1D ).
221
The order of experiments 1 vs 2 and of expectation sessions (i.e., left vs right) was 222 counterbalanced across participants; the order of attention runs (i.e., left vs right) was 223 10 counterbalanced within and across participants and the order of stimulus locations (i.e., left vs 224 right) and stimulus modalities (sound vs flash) was pseudo-randomized within each 225 participant. Brief breaks were included after every two attention runs to provide feedback to 226 participants about their performance accuracy (averaged across all conditions) in the target 227 detection task and about their eye-movements (i.e., fixation maintenance). primary modality presented in the attended hemifield and to all targets in the secondary 240 modality irrespective of hemifield via key press, with their index finger (i.e., the same 241 response for all auditory and visual stimuli) as fast and accurately as possible ( Fig. 1B) .
242
Prior to each session, participants were familiarized with the stimuli in brief practice runs 243 (with equal spatial signal probability) and trained on target detection performance and 244 fixation (i.e., a warning signal was shown when the disparity between the central fixation 245 cross and the eye-data samples exceeded 2.5 degrees).
246
After the final session (i.e., experiment 1 for 14 participants and experiment 2 for the other 14 247 participants), participants indicated in a questionnaire whether they thought the stimuli in the 248 11 primary modality were presented more frequently in one of the two spatial hemifields. Ten 249 out of 14 participants in experiment 1 and 11 out of 14 participants in experiment 2 correctly 250 identified the expectation manipulation in the primary modality. Moreover, 13 out of 14 251 participants in experiment 1 and 13 out of 14 participants in experiment 2 correctly reported 252 that stimuli in the secondary modality were presented with equal probabilities across the two 253 hemifields. These data suggest that the majority of participants were aware of the 254 manipulation of signal probability at least at the end of the fourth session. their index finger. The response window was limited to 1500 ms. Participants were not 271 explicitly informed that auditory signals were more likely to appear in one of the two 272 hemifields. Instead, spatial expectation was implicitly learnt within a session (i.e., day). Response time analysis -separately for experiments 1 and 2 300 We initially analysed response times separately for primary and secondary modalities and 301 independently for experiments 1 and 2.
302
Response time (RT) analysis was limited to trials with RT within the 1500 ms response 303 window and was performed after pooling over stimulus location (left/right).
304
For the primary modality (i.e., experiment 1 = audition, experiment 2 = vision), subject-305 specific median RT were entered into a two-sided paired-sample t-test with spatial 306 expectation (expected vs unexpected stimulus) as factor (observers did not respond to targets 307 in the primary modality in the 'unattended' hemifield). For the secondary modality (i.e., 308 experiment 1 = vision, experiment 2 = audition), subject-specific median response time were 309 entered into a 2 (spatial attention: attended vs unattended stimulus) x 2 (spatial expectation: For both experiments 1 and 2, the mean hit rates were very high (> 99% in all conditions, 312 Table 1), indicating that participants accurately performed the detection task. Because of the 313 absence of a substantial number of misses, hit rates were not further analyzed. Next, we investigated whether the effect of spatial expectation (i.e., expected vs unexpected) 317 in the attended hemifield (no response was required for stimuli in the primary modalities 318 presented in the unattended hemifield) depended on i. whether targets were presented in the 319 primary or secondary modalities (i.e., the extent to which spatial expectations generalize 320 across the senses) and ii. the multisensory generalization direction, from audition to vision 321 and from vision to audition (i.e., whether spatial expectations generalize differently 322 depending on whether audition or vision is the primary modality). Hence, we first computed 323 the difference in median RT (ΔRTExp) between unexpected and expected stimuli presented in Finally, we assessed how these effects of multisensory generalization direction and 335 direct/indirect manipulation evolved over time. For this, we computed the difference in 336 16 median RT (ΔRTExp) between unexpected and expected stimuli, as in the previous analysis, 337 but now separately for the first and second half of the experiment (i.e., one half = 430 trials). 338 These ΔRTExp (for each half) were entered in a 2 (multisensory generalization direction: In experiment 1, participants responded to auditory targets presented in their attended 351 hemifield and to all visual targets. In experiment 2, participants responded to visual targets 352 presented in their attended hemifield and to all auditory targets. 353 We observed qualitatively similar effects across experiments 1 and 2. Fig. 2A and 2B) . Fig. 2A and 2B ). The simple main effects showed that participants responded Fig. 2A and 2B ). We suggest that simple main effects for expectation show 382 opposite directions because of response inhibition. In the attended hemifield observers need The effects of spatial expectationcombined for experiment 1 and 2 400 In the previous analysis we showed that the effects of expectation on response times 401 generalized from the primary to the secondary modality. Next, we directly compared the modality. Yet, in the unattended hemifield, in which we could assess effects of expectation 510 only for the secondary modality, we observed the opposite pattern, i.e., observers were slower 511 at target detection for expected than unexpected hemifields. Combining these two results, we 512 observed a significant interaction between spatial attention and expectation, for both vision 513 and audition as secondary modalities. In a previous study (Zuanazzi & Noppeney, 2018) we 514 25 argued that this interaction profile between spatial attention and expectation is explained by 515 attention and expectation jointly co-determining general response probability (i.e., the 516 probability to respond regardless of the hemifield in which the signal is presented). More 517 specifically, in runs in which attention and expectation are directed to the same hemifield 518 (runs of type A, Fig. 1A, 1C and 1D) , participants have to respond to 85% of trials of the 519 entire run, but only to 65% trials in runs of type B in which attention and expectation are 520 directed to different hemifields (i.e., general response probability, Fig. 1A, 1C and 1D ).
521
Hence, faster response times may result from an increase in alertness, arousal or motor 522 preparation that is needed to respond on a large proportion of trials (i.e., attended/expected 523 and unattended/unexpected conditions, run type A, Fig fashion, we should observe expectation effects (i.e., ΔRTExp) that are greater for the primary 535 modality (where expectation was explicitly manipulated) than for the secondary modality 536 (i.e., an attenuated crossmodal generalization).
537
To arbitrate between these two hypotheses, we analyzed ΔRTExp in a 2 (multisensory 
